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© Degradable agricultural mulch film. 

© A self-supporting degradable agricultural mulch film comprises: 

(a) a first film formed from a composition comprising a water-soluble synthetic resin, at least one 
nltrogeneous material, at least one plant nutrient in addition to the nitrogeneous material(s), and, optionally, 
at least one nitrification inhibitor capable of retarding the release of the nitrogeneous material(s) from the 
first film, and 

(b) a second film formed as an adherent coating on the first film, the second film comprising a water- 
resistant synthetic resin and functioning to retard the degradation rate of the mulch film, to retard the rate of 
release of the nitrogeneous material(s), and to retard the rate of release of the plant nutrient other than 

■ nitrogen. 
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Degradable agricultural mulch film 

This application relates to agricultural plastic articles and. more particularly, to degradable mulch film 
comprising slowly released multi-nutrients in a matrix of thermoplastic resin material. 

Agricultural mulch films are used extensively throughout the world because of the many advantages 
they provide, including retarded weed growth, increased soil retention of moisture and heat and reduced 
5 soil erosion by winds and rain. Such mulching films also enhance soil structure by preventing soil crusting 
and soil compaction. 

Polyethylene film, both in a transparent state and opaque state, has been the most common plastic 
mulch to be used. However, polyethylene film is not degradable and it must be removed from the field and 
be burned, buried or otherwise discarded at the end of each fruiting season. Because the removal and 

10 burying or burning of plastic mulch is both costly and has an adverse effect on the ecology, the need for a 
plastic mulch that would decompose at the end of a growing season recently has become apparent. This 
need has led to the development of a variety of biodegradable and photodegradable mulch films. For 
example, Otev si a^, U.S. Patent No. 3,949,145 developed a biodegradable plastic film from starch, 
polyvinyl alcohol and glycerol, which film is covered with a water-resistant resin coating to prevent 

75 premature degradation. The water-resistant resin coating is prepared from a water-resistant resin, such as 
plasticized polyvinyl chloride, and a polyol-toluenediisocyanate prepolymer bonding agent. 

Another biodegradable mulch film, disclosed by Clendinnino . U.S. Patent No. 3,929,937, is fabricated 
from a blend of a particulate addition polymer, such as polyethylene, in a matrix of biodegradable 
thermoplastic oxyalkanoyl -polymer, such as -caprolactone homopolymer. Additional ingredients can be 

20 included in the blends. Such additional ingredients include naturally occurring biodegradable products, e.g., 
tree bark, sawdust, peat moss, cotton seed hulls, and the like, fibrous and non-fibrous fillers, e.g., talc, 
limestone, bentonite, asbestos, and the like, plant nutrients, fertilizers, insecticides, pesticides, and the like. 

In addition to the films disclosed by Otev g£ aj. (U.S. Patent No. 3,949,1 45 discussed above), water 
sensitive agriculturally useful polyvinyl alcohol products have been disclosed by Grano. Jr. , U.S. Patent No. 

25 4,063,919, and Iwasvk si SL U.S. Patent No. 3,387,405. In Grano. Jr, there is disclosed a plastic fertilizer 
rod composition comprising about 100 parts of a polyvinyl alcohol, about 0 to 20 parts of a plasticizer and 
about 10 to 350 parts of a fertilizer. Ttte rods generally are produced in diameters of from about 1/8 to bout 
1 inch or larger and are cut to a length of 1 to 6 inches or longer as desired. 

In Iwasvk §1 sL there is disclosed a continuous foam mulch which is produced by applying the 

so substantially simultaneously gelling a fluid aqueous foam which comprises at least 0.5 weight percent of 
dissolved polyvinyl alcohol and at least 50 percent, based on the weight of the polyvinyl alcohol, of 
emulsified asphalt or wax. The foams disclosed in Iwasvk §i aj. are intended for use as a continuous mulch 
film. However, it is evident that such foams lack the mechanical integrity of plastic films of the type 
disclosed, for example, in Otev si aj. or Clen dinnino . 

35 Still other agricultural mulch films have been disclosed by Vlaneault at aj. , U.S. Patent No. 3,274,731, 
and Kane. U.S. Patent No. 3.384,993. Vioneault gt aj., for example, discloses a mulch film comprised of at 
least one copolymer consisting essentially of ethylene and an ethylenically unsaturated carboxylic acid 
monomer such as acrylic acid, methacrylic acid, fumaric acid, maleic acid and the like. Vioneault & §i 
suggests that their films might also contain nutrients such as ammonia or phosphate-containing additives, 

40 and other fillers for various mulching uses. Kane also discloses a plastic mulch film that may include solid 
water-soluble nutrients such as ammonium nitrate, potassium chloride, potassium nitrate, potassium sulfate 
and urea. However, the only plastic mulch films discloses by Kane are comprised of polyethylene, 
polypropylene, cellulose acetate, cellulose acetate butyrate. polyvinyl chloride acetate, styrene acrylonitrite, 
Surlyn A, and the like. These plastic materials are not soluble in water and must, therefore, rely on some 

45 other mechanism to impart adequate degradability so that they may be used as an agricultural mulch film 
that does not have to be removed from the fields after the growing season. One such degrading mechanism 
is disclosed by Newland gj fiL, U.S> Patent No. 3,454,510. In that patent. It is taught to include a pro- 
oxidant in a water-soluble poiyolefin film, such as polyethylene, polypropylene or poly(butene-l). Among the 
pro-oxidants that are disclosed are certain metal acetyl acetonates, metal alkyl benzoylacetates, metal 

so acetyl acetonates, metal stearates and metal oleates. 

While the above-discussed mulch films, and others, have been used with some degree of success, no 
plastic mulching film disclosed to date has been found to be completely satisfactory in the sense that it 
provides an adequate balance of the important properties needed for a good mulch film. These properties 
include, for example, (1) good mechanical properties. (2) clarity. (3) the ability to retard weed growth without 
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the incorporation of herbicides or black pigments. (4) degradability, (5) the incorporation of nutritional 
materials, (6) slow release characteristics, and (7) safety to the environment and ecology by excluding the 
addition of toxic chemicals. 

5 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to provide a plastic mulch film which is 
characterized by an adequate balance of the above important properties. 
10 It is another object of the present invention to provide a degradabte agricultural plastic mulch film that 
contains multi-nutrients which are slowly released to plants. 

It is another object to provide an improved composite mulch film which disintegrates over the course of 
a growing season such that it neither has to be removed from the field nor buried. 

Still another object of the invention is to provide a plastic film mulch material which provides, in addition 
75 to the normal advantages of a conventional agricultural mulch film, the ability to release the necessary 
nutritional value to plants in a controlled manner and the ability to disintegrate so as not to require its 
removal from the field after a growing season, all at a reduced cost utilizing commercially available raw 
materials and conventional manufacturing techniques. 

It is another object of this invention to provide a composite agricultural mulch film which solves the 
V ) 2 o problems of littering, cost of mulch removal and cost of adding fertilizers and nutrients to the soil at 

controlled rates. 

Another object of the invention is to provide an agricultural mulch film which does not contain any 
carbon black or other black pigments or fillers, but which, nonetheless, effectively retards or prevents the 
growth of weeds. 

25 Yet another object is providing degradable mulch films which will slowly release multi-nutrients to 
plants, wherein the films are in a clear, opaque or colored form. 

These and other objects and advantages will become apparent from a consideration of this entire 
specification, including the examples hereinafter described, and the appended claims. 

In accordance with the present invention, it has now surprisingly been discovered that degradable 

30 plastic agricultural mulch films possessing the useful properties and characteristics such as described 
above can be prepared by first incorporating conventional plant nutrients such as urea, various phosphates, 
potassium and others in their simple or complex forms into a water-soluble synthetic resin film such as a 
polyvinyl alcohol film. The various nutrients are selected so as to include most if not all of the nutrients that 
would be required for the crop or crops to be mulched with the film, this collection of nutrients being 

35 referred to herein as "muttinutrients." The low release of the multi-nutrients is controlled in part by addition 
a nitrification inhibitor to the water-soluble polymer material along with the urea in the alternative, a urea- 
formaldehyde water-soluble condensation product may be used in place of or in addition to the urea- 
nitrification inhibitor mixture. In either case, after the multi-nutrients have been added to the water-soluble 
polymer, the resulting mixture is cast in the liquid form and allowed to dry either at room temperature or at 
^ J 40 moderately elevated temperatures to form a thin film. After the film has dried it is then coated with a dilute 

solution of a water-resistant synthetic thermoplastic resin such as polyvinyl acetate or plasticized polyvinyl 
chloride. The water-resistant resin solution is allowed to dry to form an adherent thin layer on the water- 
soluble film. The water-resistant coating provides control over the degradability of the resulting composite 
film and its thickness is selected accordingly. The water-resistant coating also provides some additional 

45 control over the slow release characteristics of the multi-nutrients. 

Other additives such as dyes, fibrous and non-fibrous fillers, alcohols such as methanol and the like 
may be added to the water-soluble polymer, the water-resistant coating, or both, as desired to enhance the 
properties of the resulting mulch film and to provide multi-purpose products. However, the use of carbon 
black, lamp black, or other black pigments and fillers generally is to be avoided. 

50 

DETAILED DESCRIPTION 

According to the present invention, there are two major steps involved in preparing a multi-nutritional, 
55 slow release and degradable agricultural mulch film. First, the preparation of a water soluble film comprising 
multi-nutrients and slow release nitrogeneous compounds. This step is accomplished by adding a predeter- 
mined weight of a water-soluble polymer to a reaction vessel containing water and phosphoric acid. Water- 
soluble polymers that may be used in the present invention include, for example, polyvinyl alcohol, carboxy 
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methyl cellulose or polymethyl acrylate. However, the use of polyvinyl alcohol polymers having a molecular 
weight ranging from about 14,000-100,000 and a degree of hydrolysis ranging from about 86-100 percent is 
preferred. The reaction mixture is then heated at about 60-100° C with continuous stirring until all of the 
polymer is dissolved and a clear solution is obtained. Then urea or a urea-formaldehyde condensate 
5 solution is added to the reaction solution and heating is continued for an additional 5-10 minutes with 
continuous stirring until a clear solution is obtained. A nitrification inhibitor is then added in the case where 
a urea solution is used. After the reaction solution is cooled to room temperature, it is poured on a glass 
plate in an air-circulating oven set at about 60-130° C and is allowed to dry. The film prepared according to 
the above procedure has a thickness of about 0.1-0.25 mm and is very clear. The percentage of urea in the 
10 film ranges between 0-35 percent by weight, whereas the percentage of phosphoric acid is from about 15- 
25 percent by weight The weight percent of polyvinyl alcohol in the film is from' about 30-85 percent and, 
when used, the weight percent of the nitrification inhibitor is about 0.005-2 percent. A typical nitrification 
inhibitor that can be used in the present invention is thiourea. Other nitrification inhibitors include 
dicyandiamide, sulfathiazole, 2-mercapto-1 ,2,4-triazole, guanylthiourea, 2-amino-4-chloro-6-methyl- 
75 pyrimidine, 2-chloro-6-(trichloromethyl)-pyridine. and others. 

When a urea-formaldehyde condensate is used as a source of nitrogen instead of urea, the percentage 
of urea-formaldehyde that is used may be up to about 70 percent. The urea-formaldehyde condensate, a 
low release nitrogeneous compound, may be prepared by gradually adding a paraformaldehyde solution to 
an aqueous solution of urea, whereafter the pH of the mixture is adjusted to about 8-9 and the mixture is 
20 heated at about 90-100° C until the reaction mixture becomes clear. This normally takes about 20-30 
minutes when a paraformaldehyde solution of about 90-95 percent concentration is added to a 40-50 
percent aqueous urea solution at a formaldehyde to urea ratio of from about 2:1 to about 4:1. The preferred 
ratio of formaldehyde to urea is from about 2:1 to about 3:1. 

The resulting clear solution is then acidified, for example, but the addition of concentrated sulfuric acid 
25 12 N, until its pH is lowered to about 4.5-5.6, and preferably to about 4.7-4.9. The reaction is then continued 
at the same temperature for an additional 20-30 minutes. The reaction solution is then neutralized by the 
addition of a 40 percent concentrated sodium hydroxide solution and is permitted to cool down to room 
temperature. Depending on the formaldehyde to urea ratio desired, an additional amount of urea is added 
and the pH is lowered to about 4.5-5.5, preferably 5.0 by the addition of a weak acid such as formic acid. 
30 Finally, the solution is neutralized to a pH of about 7.8 to 8.5 by the addition of a 40 percent solution of 
sodium hydroxide. The solid content in the final solution ranges between about 60-80 percent 

The second major step is the application of a thin coating film of a water-resistant thermoplastic resin 
onto the water-soluble film prepared as outlined above. This is accomplished by dissolving a water resistant 
thermoplastic resin material, such as polyvinyl acetate having a molecule weight in the range of from about 
35 45.000-160.000 in a suitable solvent, such as acetone. The actual dissolution may be accomplished by 
adding the polyvinyl acetate and acetone to a reaction vessel and refluxing the mixture until all of the 
polymer is dissolved. The resulting solution is then cooled to room temperature and additional acetone is 
added, if necessary , to adjust the solid content of the solution to about 5-15 percent by weight. The water- 
soluble film prepared according to the first major step is then coated with the water resistant polymer 
40 solution prepared according to the second major step. The coating may be performed in any convenient 
manner, such as by dipping, spraying, doctoring, or the like. However, it is preferred that the coating be 
applied using a dip coating technique wherein the water-soluble film is passed through the solution of the 
coating polymer. The coating thickness is adjusted by controlling the viscosity of the coating solution and 
the speed of passage of the water-soluble film through the solution. Finally, the coated film is allowed to dry 
45 either at room temperature or at moderate temperatures in an air-circulating oven. 

The film coating procedure outlined above results in a composite film that is clear, self-supporting, and 
appears as an integral body without any delamination. Even upon subsequent immersion of the film in water 
and drying, no delamination is observed. This is because the prepared urea-formaldehyde condensate acts 
as a slow release fertilizer and as a binder. The total coating thickness may vary, but it is preferred that the 
so weight of the water-resistant coating comprise up to about 15 percent, and usually from about 2 to about 12 
percent of the weight of the composite film depending upon the final application. 

Although polyvinyl acetate is the preferred water-resistant thermoplastic resin for use as the coating 
film, other water-resistant resins can be used. Other suitable resins include, for example, plasticized 
polyvinyl chloride, ethylene/acrylic acid copolymers and ethylene/ethylacrylate copolymers. Mixtures of 
55 such water-resistant synthetic resins also can be used. 
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The additives, such as urea, urea-formaldehyde condensate, thiourea, phosphoric acid, phosphate salts 
and complexes, nitrate salts and complexes, potassium salts and complexes, and other nutrient salts and 
complexes, dyes, starch and the like are all used in proper preselected nutritional amounts relative to the 
amounts of water-soluble resin used to prepare the primary nutritionaJ slow release and degradable mulch 
5 film that is coated with the water-resistant thermoplastic resin. 

The invention is more particularly described and explained by means of the following illustrative and 
non-limiting examples, in which, except as otherwise stated, all parts and percentages are by weight. 



10 Example 1 

Urea-formaldehyde., a slow release nitrogenous compound and a binder, was prepared by dissolving - 
(44.46 gm) of urea in (52 ml) of water. The solution was heated to 95° C. Then 120 ml of 94.0 percent 
concentration of para-formaldehyde was added and the pH of the solution was adjusted to 8 by the addition 

is of a 40% sodium hydroxide solution. The reaction mixture continued at 95° C with continuous stirring. until a 
clear solution was obtained. The pH of the solution was then lowered to 4.8 by the addition of sulfuric acid 
12 N. After carrying out the reaction for an additional 30 minutes, the solution was neutralized by the 
addition of a 40 percent concentrated sodium hydroxide solution and cooled down to room temperature. 
Urea (45.78 gm) was then added to obtain a formaldehyde to urea ratio of 2.5, the pH was adjusted down to 

20 5.0 by the addition of formic acid (90 percent), and the reaction was continued at 95° C for 30 minutes. The 
solution was then neutralized by the addition of 40 percent sodium hydroxide solution after the reaction 
solution was cooled down to room temperature. The solid content of the final solution obtained was 75 
percent Its final viscosity of 20° C was approximately 15.00 cp. 

To prepare the mulching film, 24 gm of polyvinyl alcohol) of two different molecular weights (M. Wt = 

25 16,000 and 86,000) were added to a beaker containing 600 ml of water. The mixture was heated up to 70- 
80° C and was maintained at that temperature with continuous stirring until all of the polymer had dissolved 
and a clear solution was obtained. Then 75 ml of the urea-formaldehyde solution prepared according to the 
above procedure was added to the reaction mixture with continuous stirring. The solution was then cooled 
down to 40° C. The pH of the final solution was 6.3. The solution was then poured on a glass plate and 

30 placed in an air-circulating oven set at 100° C. After one to one and a half hours a clear film was obtained 
with a thickness ranging from 0.1 to .15 mm. The film was then coated with a coating solution of polyvinyl 
acetate prepared as follows: 80 gm of polyvinyl acetate with a molecular weight of 160,000 were added to a 
reaction flask containing 800 ml acetone. The reaction mixture was refluxed until ail the polymer was 
dissolved and a clear solution was obtained. Then the clear film obtained previously was coated by dipping 

as the film in the water-resistant coating solution and was dried. The film was weighed before and after coating 
and the percent coating was calculated to be 10.5 percent. 

The mechanical properties of the film, such as tensile strength and elongation, and the dissolution rate, 
such as seven-day-dissolution rate at 38° C, were measured. The mechanical properties for coated films 
are shown in Table 1. The final composite film obtained was clear and flexible. There was no delami nation 

40 of the composite film because the urea-formaldehyde condensate was prepared with dual functions. First, it 
acts like a source of nitrogen that is slowly released and second, it acts as a binder between the water- 
resistant coating film and the water-soluble nutritional film. The binds so formed are water soluble, but as 
the film dries they reappear, thus preventing any delamination until all the nutritional film is dissolved in the 
soil. 

45 The mechanical properties were measured according to ASTM standard D 882-75b. The dissolution 
rates were measured as follows: After the film was coated and dried, its weight was recorded before and 
after coating. The original amount of urea was calculated. The films were then placed in a container and 
immersed in 100 ml of water and placed in an air-circulating oven held at 38° C for 7 days. The amount of 
urea dissolved in water was then measured by using p-dimethylaminobenzaldehyde reagent dissolved in 

w hydrochloric acid solution. This reagent reacts with the amino groups of urea producing a yellow color with 
an intensity proportional to the urea concentration. A spectrophotometer was used at a wavelength 442 nm 
to give the percent of urea dissolved in water. The percent dissolution of urea in water of this example was 
25 percent for the uncoated sample and 15 percent for the coated sample when it was submerged in water 
at 38° C for 200 hours. 

55 
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Example 2 

The same procedure as in Example 1 was followed, except that starch was added to the nutritional film. ' 
The final composition of the nutritional film contained 60 percent urea-formaldehyde, 10 percent water- 
soluble starch and 30 percent polyvinyl alcohol. The film so obtained was clear and flexible and its 
mechanical properties are shown in Table 1. 



Example 3 

The same procedure as in Example 2 was followed, except that urea, in addition to the urea- 
formaldehyde, was added to the* nutritional film. The final composition of the nutritional film contained 50 
percent urea-formaldehyde, 10 percent urea, 10 percent starch and 30.0 percent polyvinyl alcohol. The 
mulch film obtained was strong and flexible and its mechanical properties are shown in Table 1. 



Example 4-1 1 

The same procedure as in Example 1 was followed, except that a urea-based nutritional film with a 
nitrification inhibitor, dyes, and phosphoric acid was used. In all of these examples, thiourea was the 
nitrification inhibitor that was used. The thiourea was present in the nutritional film at a concentration of 0.6 
percent The dye concentration was 0.4 percent The percentage of urea ranged between 0-35 percent and 
phosphoric acid was used in ranges between 15 percent to 25 percent The percentage of polyvinyl alcohol 
with a molecular weight of 14,000 ranged between 84 percent to 39 percent. The mechanical properties and 
composition of these films are shown in Table 2. The nutritional film prepared in accordance with Example 
1 1 had a final composition of 35 percent urea, 25 percent phosphoric acid, 39 percent polyvinyl alcohol, 0.4 
percent dye and 0.6 percent thiourea. The dissolution of urea in water after this film (Example 11) was 
submerged in water at 38° C for 200 hours was 90 percent for the uncoated sample and 80 percent when 
the sample was coated with 8.4 percent polyvinyl acetate. 



Example 12 

The same procedure was followed as in Example 11. except that water-soluble starch was added. The 
final composition of the nutritional film contained: 35 percent urea, 25 percent phosphoric acid. 10 percent 
starch, 29.0 percent polyvinyl alcohol, 0.6 percent thiourea and 0.4 percent dye. The film obtained was 
strong and flexible. The mechanical properties are shown in Table 1 . 



Example 13-14 

The same procedure as in Example 12 was followed, except that urea-formaldehyde and starch were 
added. All samples contained 1 percent urea-formaldehyde. 30 percent urea, 30 percent phosphoric acid, 
0.4 percent dye and 0.6 percent thiourea. In addition, the films of Example 13 contained 38 percent 
polyvinyl alcohol, whereas the films of Example 14 contained 9 percent starch and 29 percent polyvinyl 
alcohol. The mechanical properties of the films are shown in Table 1. 
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Table 1. Mechanical Properties of Mulching Films 



Example " 1 



With polyvinyl alcohol 
of M. Wt. = 14,000 

Tensile 

strength %elongation 
(kg/cm 7 ) at break 



With polyvinyl alcohol 
of M. Wt. = 86,000 

Tensile 

strength %elongation. 
( kg/cm 2 ) at break 



1 

2 
3 
12 
13 
14 



67.5 
69.2 
65.0 
36.6 
41.4 
21.7 



172.0 
146.6 
235.0 
263.0 
253.0 
89.6 



107. 6 
58. 6 



158 
149 



65.4 
54. 3 



279.7 
250.0 



All the mulching films include an approximately 

10 percent polyvinyl acetate coating. The polyvinyl 

acetate had a M. Wt. - 160,000. 

Table 2. Mechanical Properties of Uncoated Urea-based- 
Mulch Film 



Example %Phosphoric 

No, % urea acid 2PVA 1 ( kg/cm a ) 

4 0.0 15.0 84.0 380 

5 5.0 15.0 79.0 310 

6 10.0 15.0 74.0 280 

7 15.0 15.0 69.0 260 

8 20.0 15.0 64.0 210 

9 25.0 15.0 59.0 160 

10 30.0 20.0 49.0 100 

11 35.0 25.0 39.0 ' 65 



Tensile Elongation 
strength at break 



240 
300 
300 
325 
360 
370 
340 
320 



PVA is polyvinyl alcohol having a molecular weight of 
14,000. Each film included 0.4 percent dye and 
0.6 percent thiourea. 
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Example 15 

The mulch film of Example 1 was tested in the field alongside a conventional low density polyethylene 
film. The film of Example 1 was prepared as described in the example where the final composition of the 
nutritional water-soluble film was 70 percent urea-formaldehyde (formaJdehyde/urea ratio = 2.5:1) and 30 
percent polyvinyl alcohol, (M. Wt of PVA = 86.000), and where the nutritional film was coated- with 10.5 
percent polyvinyl acetate (M. Wt. of polyvinyl acetate * 160,000). The composite film was cut into strips 80 
cm long and 30 cm wide. The strips weighed approximately 106.5 gm. Similarly, the low density 
polyethylene films were cut to the same dimensions from a general purpose low density polyethylene - 
(LDPE) film stock. 

Four small lots were prepared in Kuwait, having the same dimensions of 1 00 cm length by 40 cm width 
and were separated by dividers next to each other. Lot number 1 was covered with the mulching film of 
Example 1. The lots numbered 2 and 3 were covered with LDPE film, and lot number 4 had no plastic cover 
Twenty-one holes were made in every plastic film. Twelve of those holes were used to plant corn seeds 
and the other nine holes were used to plant onion bulbs. Urea fertilizer was added to the lots numbered 2 
and 4, while the lots numbered 1 and 3 received no fertilizers. Urea was added at four intervals. The 
amount of urea added was equivalent to the calculated value present in the film of Example 1 (estimated to 
be 28 percent or 28 gm). Therefore, 7 gms of urea were mixed with water and added every week for four 
consecutive weeks to the lots numbered 2 and 4. The experiment started during the burning hot summer 
months of Kuwait, when the temperature ranged between 45-50° C (113-122° F) on June 12, 1984. All lots 
were given the same amount of water (2500 ml) once a day. Several variables were measured once a week 
and recorded on film. The idea behind this experiment was to determine the efficiency of the nutritional film 
on plant growth and the growth of weeds. Table 3 shows the results of the experiment after one month. It 
was found that the percent sprouting and rate of growth of both com and onions were significantly higher 
when the mulch film of Example 1 was used compared to conventional LDPE films with fertilizers. Also, 
there was no weed growth in lot number 1, while there was weed growth in the lots numbered 2. 3 an 4. 
The results are shown in Table 3. 



Table 3. Effect of Mulch Film on the Growth of Com, 



Onions and Weeds Under Kuwait Weather 



Lot 
No. 


Type of Milch 
film used 


Urea 

Addition 1 
in gn/week 


7o sprouting 
com onions 


Average height 
of corn plant 
after one month 


Weed 
Growth 


1 


Example 1 


None 


100 


88 


26.0 cm 


None 


2 


IDPE 


7 


85 


55 


23.0 cm 


Few 


3 


LDPE 


Ncne 


50 


44 


22.0 cm 


Several 


4 


None 


7 


50 


18 


15.0 cm 


Many 



Urea was added four times only to give a total urea 
addition of 28 gm per indicated lots. 
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Example 16 

The same procedure as in Example 1 was followed, except that potassium nitrate and triethyl 
phosphate were added to produce three different types of nutritiona] mulch films with the following 
compositions: the first film (N) had 30 percent polyvinyl alcohol and 70 percent urea-formaldehyde, the 
second film (NK) had 25 percent polyvinyl alcohol, 10 percent potassium nitrate, and 65 percent urea- 
formaldehyde, and the third film (NPK) had 25 percent polyvinyl alcohol, 10 percent potassium nitrate, 10 
percent triethyl phosphate and 55 percent urea-formaldehyde. All of the above films were coated with 10 
percent polyvinyl acetate of molecular weight 160,000. The polyvinyl alcohol used had a molecular weight 
of 86,000. 

Weathering studies on the above films were conducted according to ASTM G-53-77 "Recommended 
Practice for Operating Light and Water Exposure Apparatus (fluorescent UV-condensation type) for Expo- 
sure of Non-Metallic Materials" using an Atlas UVCON (ultra-violet condensation screening device) 
weatherometer. The source of UV radiation is obtained by using eight FS-40-T12 UV fluorescent sun lamps 
in the UVCON weatherometer. The cycle used for the accelerated degradation weathering study was: 4 
hours of UV at 60° C and 4 hours of condensation at 40° C. The test was conducted at this cycle for two 
weeks. Mechanical properties such as tensile strength and percent elongation at break were measured on a 
standard film testing machine. Testometric 220D an electronic tensile tester. The crosshead speed of the 
machine grips was 200 m-M/min. The test was run at room temperature of 25 + 1°C on standard samples 
that were cut by a standard dumb-bell shaped die B. The samples exposed in the weatherometer were 
removed and tested every two days. Since the mechanical properties are strongly affected by the level of 
moisture, one set of the samples to be tested was removed from the weatherometer during the condensa- 
tion cycle (wet samples) while another set of samples was removed during the UV cycle (dry samples). 
Tables 4a and 4b show the results of the mechanical properties of the above prepared films upon 
accelerated aging. 
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Table 4a. Mechanical Properties of Several Mulch Films 
Upon Accelerated Weathering. 1 



Days of accelerated weathering 

Nutritional mulch Mechanical 

film composition properties 0 2 4 6 8 10 12 14 

N film 

(307. PVA, 70% Tensile 102 80.8 66.8 60.4 brittle — — 

U/F coated with strength 

10% PVAc) (kg/ cm 5 ) 



% Elcng. 324 40 25 12 brittle — — 
@ break 

N-K film 

(25% PVA, 10% Tensile 122.5 103 79.6 67.8 63.1 60.0 59.11 -- 
KN0 3 65% UF, strength 
coated with 



10% PVAc) 



%Elong. 237 150.5 88.9 58.1 37 i4.5 11.4 — 

@ break 



N-P-K film 

(25% PVA, 10% Tensile 84.5 83.0 103.5 83.6 112.7 95 104.4 106.7 

KNO3, 10% TrEP3, strength 

55% U/F, coated . . 

with 10% PVAc) 

% Elong. 318 191 106 87 88 44.6 17.1 14.2 
@> break 

1 Samples were exposed in Atlas weatherometer according to 
ASTM G-53-77. cycle used: 4 hours U.V. at 60°C, 4 hours 
condensation at 40°C. 



2 



The samples were taken out of the weatherometer during 
condensation cycle and tested immediately. 



3 TrEP is triethyl phosphate. 
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Table 4b. Mechanical Properties of Several Mulch Films 
Upon Accelerated Weathering.! 



Nutritional nulch Mechanical 
film composition properties 0 



Days of accelerated weathering 



8 



10 



12 



14 



H film 

(30% PVA, 70% 
U/F coated with 
10% FVAc) 



Tensile 

strength 

(kg/cm 2 ) 

% Elcng. 
@ break 



102 139.4 161.0 brittle 



324 24.6 17 brittle 



N-K film 
(25% FVA, 10% 
KNDo 65% UF, 
coated with 
10% FVAc) 



Tensile 122.5 274.3 251 214 119.4 107.7 
strength 



7, Elong. 237 15.3 14.2 8.2 4.5 2.9 
(& break 



N-P-K film 
(25% PVA, 10% „ 
KNOo, 10% TrEP3, 
55% U/F, coated 
with 10% FVAc) 



Tensile 
strength 



% Elcng. 
break 



84.5 119.6 172.4 151.4 188.1 brittle— — 



318 126 . 2 27.6 27.6 7.1 brittle- 



1 Samples were exposed in Atlas weatherometer according to 
ASTM G-53-77, cycle used: 4 hours U.V. at 60°C, 4 hours 
condensation at 40°C. 

2 

The samples were taken out of the weatherometer during 
dry cyle and tested immediately (after dry UV) . 

3 TrEP is triethyl phosphate. 

Example 17 

Nutritional mulch films were prepared according to the procedure outlined in Example 16. The three 
different mulch films have the following compositions: N-films have 30 percent polyvinyl alcohol and 70 
percent urea-formaldehyde. N-K films have 25 percent polyvinyl alcohol. 10 percent potassium nitrate and 
65 percent urea-formaldehyde and N-P-K films have 25 percent polyvinyl alcohol, 10 percent potassium 
nitrate. 1 0 percent triethyl phosphate and 55 percent urea-formaldehyde. Samples of each of the films were 
coated with four different water-resistant coatings namely: 10 percent polyvinyl acetate, 4 percent 
ethyienevinyl acetate copolymer, 4 percent polyvinyl chloride and 4 percent ethylene-ethyl acrylate 
copolymer as shown in Table 5. The various samples prepared were then immersed in water in containers 
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and placed in an air-circulating oven kept at 45 + 1 'C. The weight loss of the immersed films was monitored 
over seven days. Table 5 shows the results of the seven day dissolution rates of the nutritional mulch films 
immersed in water at 45 + 1 "C, while Table 6 shows the mechanical properties of these films in terms of 
tensile strength and percentage elongation to break. 



Table 5. Seven Day Dissolution rates of Nutritional 
Mulch Films' Immersed in Water at 45 °C. 



% weight loss of inmersed films at various times 
(days) 

Nutritional mulch 

film compositions 1 2 3 Z 5 5 ■ 7 



N-film 

30% PVA, 707. UF 
coated with 

a. 107. PEAcl 41.9 45.3 53.0 60.0 72.3 79.5 87.4 

b. 47. EVA 2 , 55.2 57.4 60.7 62.1 63.1 79.8 83.2 

c. 47. PVC? 41.5 48.4 56.6 59.6 63.6 67.2 71.7 

d. 4% EEA.4 37.1 57.6 75.6 80.1 87.7 88.2 90.4 

N-K film 

257. PVA, 107. KNOo, 
657. IF: coated with 

a. 107. PVAc 68.7 70.5 76 86.1 87.8 88.0 88.2 

b. 47. EVA 66.1 69.9 72.9 73.2 73.4 76.2 78.4 

c. 47. PVC 57.1 63.8 64.8 65.8 66.7 67.6 79.5 

d. 47. EEA 58.5 60.1 67.8 70.1 81.8 83.1 84.2 

N-P-K film 
257. PVA, 107. TeEP, 5 
107. KN0 3 , 557. OF 
coated with 

a. 107. PVAc 68.2 69.5 73 80.2 81.5 83 85 

b. 47. EVA 67.1 71.0 71.2 74.9 75.0 75.9 77.9 

c. 47. PVC 42.4 44.1 45.4 50.8 50.9 51.0 61.3 

d. 47. EEA. 72.1 76.3 77.4 85.9 88.2 90.0 93.1 

PVAc is polyvinyl acetate sold by BDH Chemicals Ltd. , Poole, 
England 

2 EVA is polyethylene-vinyl acetate (10%) copolymer sold by DuPont 
under EVa3125. 

3 PVC is polyvinyl chloride sold by Singapore Polymer Cort>. under 
SH 61. 

* EEA is polyethylene-ethylacrylate copolymer sold by Union Carbide 

under DPDA-6182 
5 TeEP is triethyl phosphate. 
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Table 6. The Mechanical Properties of Nutritional Mulch 
Film of Example 17. 



Mechanical Properties 

Nutritional mulch 



Tensile strength % Elongation 

film compositions (kg/cm2) Q> break 

N-film 

30% PVA, 70?i UF 
coated with 

a. 10% PVAc 1 102.0 324 

b. 4% EVA2 81.8 219 

c. 4% PVC? 85.2 188 

d. 4% EEA A 70. 7 253 

N-K film 

25% PVA, 10% KN0 3 , 
65% UF: coated with 

a. 10% PVAc 122.5 237 

b. 4% EVA 86.0 169 

c. 4% PVC 89.3 166 

d. 4% EEA 106.6 190 

N-P-K film 
25% PVA, 10% TeEP, 5 
10% KNO3. 55% UF 
coated with 

a. 10% PVAc 84.5 318 

b. 4% EVA 90.0 206.3 

c. 4% PVC 94.6 206.5 

d. 4% EEA 85.2 196.0 



PVAc is polyvinyl acetate sold by BDH Chemicals Ltd. , Poole, 
England. 

EVA is polyethylene- vinyl acetate (10%) copolvtner sold by 
DuPont under EVa3125. 

PVC is polyvinyl chloride sold by Singapore Polymer Corp. under 
SH 61. 

EEA is polyethylene-ethylacrylate copolymer sold by Union Carbide 

under DPEA-6182. 

TeEP is triethyl phosphate. 
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Example 18 

Several samples were prepared according to the procedure outlined in Example 1. except that in 
addition to a nitrbgeneous source, potassium and phosphorous sources were added. Table 7 shows the 
composition of the various samples that contain the three main nutritional elements namely N-P-K, (i.e., 
nitrogen, phosphorous and potassium) where these clear films have up to 80 percent nutritional sources and 
still have good mechanical properties. Dipotasstum hydrogen phosphate was used to maximize the 
presence of potassium and phosphorous elements in the films and maintain the clarity of the films by 
preventing crystallization. 

Table 7. Mechanical Properties of Some Samples Prepared 
in Example 18. 



N-P-K milch film composition Mechanical Properties 

" Tensile % Elong. 

TcPVA 1 %KND 3 %TrEP %K 2 HF0 4 50J-F strength <S> break Clarity 

(kg/cm 2 ) 



25 


10 


10 


0.0 


55 


84.5 


318 


clear film 


25 


10 


10 


5.0 


50 


70 


372 


clear film 


25 


10 


10 


10.0 


45 


103 


270 


clear film 


25 


16 


11 


0.0 


48 


82.5 


251 


opaque 


25 


16 


11 


5.0 


43 


93.7 


208 


opaque 


20 


5 


5 


20.0 


50 


76.7 


209 


opaque 



1 FVA is polyvinyl alcohol having a molecular weight of 100,000. 

From the foregoing description and illustrative examples and tables, it is readily apparent that mulch 
films prepared in accordance with the present invention are characterized by an excellent balance of 
properties. Not only do the films exhibit good mechanical properties, such as tensile strength and percent 
elongation at break, but they exhibit excellent weed growth control without the need for herbicides or the 
incorporation of black pigments to shut out light The mulching film prepared in accordance with the present 
invention is clear. The film is prepared in such a way as to provide a distinctive crystallographic structure 
where the morphology is responsible for reducing the transmission of light through the film. The reduction 
in light transmission is further enhanced upon the absorption of water during the irrigation period. This 
reduction in transmissivity results in an increase in light absorption and reflection at the shorter wave 
lengths, hence reducing light transmission necessary for weed growth. Therefore, the clear mulching film 
prepared according to the invention prevents weed growth without the addition of herbicides and carbon 
black. This is a great advantage since no toxic materials are needed to be added to the film. Additionally, 
this provides an economic advantage to the user. 

The mulch films of the present invention also exhibit the distinct advantage of containing several multi- 
functional ingredients, such as a slowly released nitrogeneous source. Firstly, the nitrogeneous source 
provides the nutrient element nitrogen. Secondly, since the nitrogeneous source comprises either urea in 
combination with a nitrification inhibitor or a urea-formaldehyde polycondensate, it releases the nutrient 
element of nitrogen at a controlled rate. Thirdly, the urea-formaldehyde condensate has an adhesive 
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property whereby it binds the substrate (i.e., polyvinyl alcohol with the various nutrients) to the thin water- 
resisting coating layer, thus preventing delamination of the composite film when it is exposed to strenuous 
mechanical stresses. A fourth desirable property of the urea-formaldehyde condensate nitrogeneous source 
is that it is added to the water-soluble resin solution in an aqueous form such that it is compatible therewith 
and such that the resulting film is a clear, strong, flexible, degradable and slow release nutritional film. By 
comparison, when only urea and a nitrification inhibitor are added as a nitrogeneous source, the resulting 
film develops microcrystals which cause the film to turn from a clear film to a crystalline opaque film as 
time goes on. 

Another multi-functional additive that may be included in the film preparation is an alcohol such as 
methanol. The methanol may be added to the water-soluble resin solution as a compliment to or as a partial 
replacement for the water that is present The added methanol provides at least two advantages. First, it 
raises the viscosity of the solution, thereby resulting in a uniform casted mulch film. Second, since 
methanol has a lower boiling point temperature than water, the use of methanol results in a faster cycle time 
of the film preparation, thus maximizing the production rate and minimizing the production cost. 

Yet another multi-functional additive that may be used is dipotassium. hydrogen phosphate. This 
additive acts as a source for potassium and phosphorous which are nutrient elements, and it also prevents 
the formation of microcrystals that would form when a high percentage of potassium nitrate and triethy! 
phosphate are included in the mulch film. In the presence of dipotassium hydrogen phosphate it is possible, 
therefore, to have a mulch film with 80 percent fertilizers and still have a clear film with good balance 
properties. 

It is also readily apparent that while the degradation mechanism of the mulch film of the present 
invention depends primarily on the fact that the casted nutritional film is prepared from a water-soluble 
resin, the mechanism depends also upon the fact that water-soluble nutrients and additives contained in the 
film are leached therefrom so as to change the morphology of the composite film and thereby render the 
composite film more susceptible to mechanical failure. The rate of degradation due to the presence of the 
nutrients is greater than that of the dissolution of the water-soluble polymer carrier. This change in 
morphology is accomplished by the presence of the nutrients in the film, without resorting to the inclusion 
of starch or antioxidants or other additives that jeopardize the mechanical properties of the films or make 
them too expensive. 

It will be appreciated that the instant specification and examples are set forth by way of illustration and 
not limitation and that various modifications and changes may be made without departing from the spirit and 
scope of the present invention as defined by the appended claims. 



Claims 

1. A self-supporting degradable agricultural mulch film, which comprises: 

(a) a first film formed from a composition comprising a water-soluble synthetic resin, at least one 
nitrogeneous material, at least one plant nutrient in addition to the nitrogeneous material(s), and, optionally, 
at least one nitrification inhibitor capable of retarding the release of the nitrogeneous material(s) from the 
first film, and 

(b) a second film formed as an adherent coating on the first film, the second film comprising a water- 
resistant synthetic resin and functioning to retard the degradation rate of the mulch film, to retard the rate of 
release of the nitrogeneous material(s), and to retard the rate of release of the plant nutrient other than 
nitrogen. 

2. A mulch film according to claim 1. in which the water-soluble synthetic resin is polyvinyl alcohol and 
constitutes from 20 to 80% by weight of the first film. 

3. A mulch film according to claim 2, in which the polyvinyl alcohol has a molecular weight of from 
14,000 to 100,000 and a degree of hydrolysis of from 86 to 100%. 

4. A mulch film according to any of claims 1 to 3, in which the water-resistant synthetic resin is 
polyvinyl acetate, plasticised polyvinyl chloride, an ethylene/acrylic acid copolymer, an 
ethylene/ethylacrylate copolymer, or a mixture of two or more thereof. 

5. A mulch film according to claim 4. in which the polyvinyl acetate has a molecular weight of from 
45,000 to 160,000. 

6. A mulch film according to any of claims 1 to 5, in which the nitrogenous materia] in the first film is 
urea and/or a water-soluble urea-formaldehyde condensate. 

7. A mulch film according to claim 6, in which the first film comprises urea and a nitrification inhibitor. 
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8. A mulch film according to claim 7. in which the nitrification inhibitor is thiourea and constitutes up to 
2% by weight of the first film. 

9. A mulch film according to any of claims 6 to 8, in which the first film comprises up to 35% by weight 
of urea. 

5 10. A mulch film according to claim 6, in which the first film comprises up to 70% by weight of a water- 
soluble urea-formaldehyde condensate. 

11. A mulch film according to any of claims 1 to 10. in which the plant nutrient is phosphoric acid, a 
potassium salt or complex, a phosphate salt or complex, a nitrate salt or complex, or a mixture of two or 
more thereof. 

10 12. A mulch film according to any of claims 1 to 11, in which the first film comprises, by weight, up to 
35% of urea or up to 70% of a water-soluble urea-formaldehyde condensate, and from 15 to 25% of 
phosphoric acid. 

13. A mulch film according to any of claims 1 to 12, in which the first film has a thickness of from 0.10 
to 0.25 mm. 

75 14. A mulch film according to any of claims 1 to 14, in which the second film constitutes up to 15% by 
weight of the mulch film. 

15. A mulch film according to any of claims 1 to 14, which is translucent and is essentially free of 
pigments and/or fillers. 

r — x 16. A method of making a degradable agricultural mulch film, which comprises 

i .,J 20 (a) preparing an aqueous solution containing a water-soluble synthetic resin, at least one nitroge- 

neous material, at least one plant nutrient in addition to the nitrogeneous material(s)/and optionally, at least 
one nitrification inhibitor, 

(b) casting the solution from step (a) to form a film, 

(c) drying the film from step (b), and 

25 (d) applying to the dried film from step (c) a second film comprising a water-resistent synthetic resin 

to give a degradable mulch film, the second film comprising up to 15% by weight of the final film. 
17. A method according to claim 16, in which step (d) comprises 

(i) preparing a solution of water-resistant synthetic resin in a suitable solvent, 

(ii) coating the dried film from step (c) with the solution from step (i). and 
30 (iii) evaporating the solvent from the coating applied in step (ii). 
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